Social psychologists have sought to understand the automaticity of affective reactions in terms of consequences for attention, evaluation, and judgment. Typically, affect is manipulated by stimulus valence, with little consideration of the role of stimulus arousal in such priming effects. The present two studies, involving 54 right-handed participants, sought to extend the case for automatic affect and sought to do so by highlighting the unique priming effects of stimulus arousal on the differential activation of the left and right hemispheres of the brain. Using affective slides as stimuli, the present two studies found that high levels of stimulus arousal, irrespective of stimulus valence, shifted attention leftward within visual space. This phenomenon extends research on automatic priming effects to lateral spatial attention and suggests an implicit spatial probe task that may be useful in future studies focused on the arousing effects of social stimuli.
Social psychologists have sought to understand the automaticity of affective reactions in terms of consequences for attention, evaluation, and judgment. Typically, affect is manipulated by stimulus valence, with little consideration of the role of stimulus arousal in such priming effects. The present two studies, involving 54 right-handed participants, sought to extend the case for automatic affect and sought to do so by highlighting the unique priming effects of stimulus arousal on the differential activation of the left and right hemispheres of the brain. Using affective slides as stimuli, the present two studies found that high levels of stimulus arousal, irrespective of stimulus valence, shifted attention leftward within visual space. This phenomenon extends research on automatic priming effects to lateral spatial attention and suggests an implicit spatial probe task that may be useful in future studies focused on the arousing effects of social stimuli.
People frequently have automatic affective reactions to stimuli that can have important consequences for subsequent cognition, emotion, and behavior (Bargh, 1997) . Insights of this sort have occurred in a variety of literatures related to research on the self, attitudes, and intergroup relations (Wegner & Gilbert, 2000) . Much of this work has, for good reason, emphasized automatic reactions based on stimulus valence (e.g., Bargh, 1997) . However, most models of affect posit a second dimension related to stimulus arousal (e.g., Lang, Bradley, & Cuthbert, 1997) , which has typically been neglected in studies of automatic affect (for a review, see Klauer & Musch, 2003) . The goals of the present investigation were to systematically compare automatic priming effects related to stimulus valence and arousal and to do so in a paradigm sensitive to the differential activation of the brain's hemispheres. We start by making a case for focusing on stimulus arousal in social cognitive studies of affect.
VALENCE AND AROUSAL IN AFFECTIVE REACTIONS
Many models of affect posit two largely independent dimensions related to valence and arousal (Lang et al., 1997; Russell & Barrett, 1999) . The valence dimension varies from negative to positive, whereas the arousal dimension varies from deactivated to highly aroused states (Russell & Barrett, 1999) . The independence of these dimensions has been supported in psychometric studies of self-reported mood (Russell & Barrett, 1999) and in psychophysiological studies concerned with the body's reactions to stimuli (Lang et al., 1997) .
Most studies of automatic affect, whether related to attention (Pratto & John, 1991) , evaluation speed (Fazio, Sanbonmatsu, Powell, & Kardes, 1986) , or judgment (Murphy & Zajonc, 1993) , have focused exclusively on the valence dimension of experience. This focus on valence is understandable for at least two reasons. Prominent theories of attitudes relate to valence but not arousal (Fazio, 1995) . In addition, the use of word stimuli, common to most studies in this area (Klauer & Musch, 2003) , typically introduces a narrow range of stimulus arousal levels. That is, words vary in valence quite a bit more than they vary in arousal .
Nevertheless, an exclusive focus on valence, in automatic affect studies, is necessarily somewhat incomplete. Self-reported affective states (Russell & Barrett, 1999) , as well as bodily reactions to affective stimuli (Lang et al., 1997) , vary in both valence and arousal. It is notable that quite a few prominent social psychology theories, such as those pertaining to cognitive dissonance (Festinger, 1957) , attribution (Schachter & Singer, 1962) , and per-suasion (Janis & Feshbach, 1953) , make heavy use of the arousal dimension of experience. It is therefore important to systematically manipulate both valence and arousal in automatic affect studies. This is particularly the case in relation to affective priming of lateral spatial attention, the focus of the present studies.
AFFECTIVE PRIMING AND LATERAL SPATIAL ATTENTION
Our studies sought to investigate the influence of affective priming on lateral spatial attention, an index of hemispheric activation. Many behavioral studies have taken advantage of the anatomical fact that input from the left visual field (LVF) is first processed by the right hemisphere, whereas input from the right visual field (RVF) is first processed by the left hemisphere. Such contralateral connections have been extensively documented in anatomical studies of both nonhuman (Berlucchi, 1990 ) and human (Bogen, 1985) organisms. Brain imaging studies also demonstrate that when participants attend to images in one visual field, brain activity is increased in the contralateral hemisphere (Heinze et al., 1994; Mangun et al., 2001) . Furthermore, damage to one hemisphere leads to attentional neglect of stimuli in the opposite visual field (e.g., Posner, Walker, Friedrich, & Rafal, 1987) . In sum, anatomical, behavioral, and clinical work supports the idea that the processing of unilateral visual stimuli depends primarily on the opposite hemisphere. Therefore, like many studies in the laterality literature, our study relies on responses to LVF and RVF spatial probes as an index of relative hemispheric activation.
More specific to affect, prior research indicates that the two hemispheres tend to be differentially involved in affective processing. In understanding this literature, it is important to distinguish between perceiving an affective stimulus versus reacting to an affective stimulus. With respect to encoding and decoding the affective nature of stimuli, the right hemisphere is superior to the left hemisphere. In support of this point, emotional stimuli presented to the LVF are more accurately and quickly encoded in terms of stimulus valence, and damage to the right hemisphere disrupts these functions more than damage to the left hemisphere (Borod et al., 1998; Etcoff, 1989; Silberman & Weingartner, 1986) . However, such effects must be distinguished from those involving the priming effects of affective stimuli on the two hemispheres.
When a centrally presented stimulus or task is specialized to one hemisphere, it primes that hemisphere differentially. As a consequence, participants are subsequently faster to respond to probes in the contralateral visual field. For example, tasks engaging left-hemisphere processes (e.g., reading) shift attention rightward, whereas tasks engaging right-hemisphere processes (e.g., mental rotation) shift attention leftward (Hellige, 1993) . Our goal was to examine how a centrally presented emotional stimulus would influence probe detection times in the LVF and RVF, thereby investigating how incidental exposure to affective stimuli influences the differential activity of the two hemispheres.
Two general models have sought to explain the priming effects of affective stimuli on lateral spatial attention. According to the first model, the valence of the stimulus should be the important priming dimension. Although this general model has been offered in several variations, the overarching view is that the left hemisphere is more involved in mediating positive affective reactions, whereas the right hemisphere is more involved in mediating negative affective reactions (Davidson, 1998; Tomarken & Keener, 1998) . This model is supported by EEG studies indicating greater left hemisphere activation in positive emotional states and traits, and greater right hemisphere activation in negative states and traits (e.g., Davidson, 1998; Sutton & Davidson, 1997) . Such models might predict that positive stimuli should bias attention toward the RVF, whereas negative stimuli should bias attention toward the LVF.
An alternative view is that arousal, rather than valence, creates lateral spatial biases. Specifically, Heller (1993) has proposed that the right hemisphere is especially involved in high-arousal emotional states. In support of this point, evidence indicates that the right hemisphere plays a specialized role in modulating cardiac (Wittling, 1995) and electrodermal (Johnsen & Hugdahl, 1993) activity in response to emotional stimulation. Damage to the right (versus left) hemisphere has a more pronounced effect on skin conductance responses to emotional stimuli (Caltagirone, Zoccolotti, Originale, Daniele, & Mammucari, 1989) . This research, then, suggests a particularly close relationship between the right hemisphere and the arousal systems of the body.
Arousal-based models, such as Heller's (1993) , therefore predict that high-arousal emotional states should bias attention leftward. Consistent with this prediction, manipulations of stress have produced lateral biases in favor of left-sided targets (Asbjörnsen, Hugdahl, & Bryden, 1992; Gruzelier & Phelan, 1991) . Likewise, lateral biases in favor of LVF stimuli correlate positively with self-reported arousal on measures of dispositional mood (Heller, Nitschke, & Lindsay, 1997) . In addition, anxious arousal is correlated with an increased leftward perceptual bias on a task thought to tap parietal lobe asymmetries, whereas depression (presumably a low-arousal state) is associated with decreased biases on the same task (Heller, Etienne, & Miller, 1995) . Such data provide evidence for the idea that arousal, rather than valence, differentially activates the right hemisphere, as inferred from lateral spatial attention tasks (Heller, 1993) .
Although evidence associating the posterior right hemisphere with the arousal dimension of emotional experience has been accumulating, further evidence is necessary to test the model more thoroughly. For example, many studies supporting the Heller model have relied on examining individual differences related to clinical variables such as anxiety and depression (Heller et al., 1995) . Clinical variables may or may not map closely onto the effects of emotional valence and arousal within normal populations. Such considerations are especially important in relation to positive high-arousal states like excitement. Such states may be less easily activated among individuals suffering from clinical or subclinical forms of negative affect (Clark, Watson, & Mineka, 1994) . Therefore, a study focusing on affective reactions among nonclinical samples may be especially informative concerning the normative effects of affective primes on differential hemispheric activity.
OVERVIEW OF PRESENT STUDIES
Our understanding of automatic affective reactions would be enriched by an increased focus on arousal, particularly given the fact that many social psychological theories make heavy reference to arousal (e.g., Festinger, 1957; Schachter & Singer, 1962) . Consistent with automatic affect paradigms (Bargh, 1997 : Klauer & Musch, 2003 , we presented affective stimuli in an incidentally primed manner (Bargh & Chartrand, 2000) . Specifically, participants were not explicitly instructed to evaluate, or appraise the significance of, affective primes. The primes were emotional slides that varied independently in valence and arousal.
We sought to examine a novel consequence of automatic affective reactions by investigating priming effects on lateral spatial attention within a neutral target task. Following the removal of affective primes, participants were asked to indicate whether they saw one or two dots in a target slide. The target slide was presented laterally, either within the LVF or RVF. We could therefore examine potential effects of stimulus valence and arousal on lateral spatial attention. We entertained two alternative hypotheses. The valence hypothesis (e.g., Van Strien & Morpurgo, 1992 ) predicts that negative stimuli should shift attention leftward within visual space, indicating activation of the right hemisphere. By contrast, the arousal hypothesis (Heller, 1993) predicts that arousing stimuli, whether of a positive or negative valence, should shift attention leftward within visual space. The present design, involving orthogonal manipulations of valence and arousal, is uniquely capable of siding in favor of one hypothesis over the other.
STUDY 1

METHOD
Participants. Participants were 38 (15 male and 23 female) right-handed undergraduate volunteers from the University of Illinois, Champaign. They were given course credit for participating.
Apparatus. A DOS-based computer was connected to two Kodak Ektapro projectors. The projectors were of professional presentation quality and were specifically designed to interface with the computer. The projectors were placed behind and above the participant's chair such that they could, when angled downward, project images from behind the participant during the course of the study. One projector displayed emotional slides whereas the other projector displayed dot slides.
Affective primes were 60 emotional slides taken from Lang's well-validated set (Lang, Bradley, & Cuthbert, 1999) . Thirty of the slides were positive and thirty were negative. Within each valence, we chose slides that were rated both low and high in arousal. Thus, there were 15 negative low-arousal slides, 15 negative high-arousal slides, 15 positive low-arousal slides, and 15 positive high-arousal slides. The slides were chosen in such as way as to eliminate any relationship between valence and arousal levels.
1 Task. The target task was a simple, nonaffective one. Participants were asked to press the 1 key on a button box if one dot was presented and to press the 2 key on a button box if two dots were presented.
1. Lang et al. (1999) provide slide numbers to facilitate communication among research labs. In terms of these slide numbers: negative high-arousal slides consisted of 1050, 1120, 1300, 1930, 3130, 3250, 6230, 6260, 6300, 6510, 6570, 7380, 9300, 9410 , and 9570; negative low-arousal slides consisted of 1111, 1220, 1301, 2053, 2520, 2800, 3230, 3350, 7361, 9008, 9290, 9320, 9415, 9421 , and 9561; positive high-arousal slides consisted of 4599, 4607, 4608, 4641, 4651, 4652, 4660, 5621, 8180, 8200, 8350, 8370, 8380, 8470 , and 8490; and positive low-arousal slides consisted of 1440, 1460, 1610, 1750, 1810, 2040, 2050, 2057, 2070, 2165, 2352, 2550, 2660, 4606, and 7325. 2. For purposes that are distinct from current concerns, 25% of the trials involved a response compatibility manipulation. On these trials, which were signaled by two fixation points rather than one, participants were instructed to hit the 1 key if there were two dots presented and to hit the 2 key if there was one dot presented. Unfortunately, not all participants appeared to understand these instructions, as accuracy rates for these trials were unacceptably low (M = 86.4%), especially among some participants. To avoid ambiguity, we decided to delete all of these trials involving incompatible responses. This left 75% of the performance data in Study 1. randomly presented 2.5 degrees right or left of fixation. Responses were made with the index and middle fingers of the right hand.
3
Precise timing was accomplished in several ways. The computer controlling the projectors used DOS-based programming code to trigger the projectors and collect the response data. The projector lenses were equipped with high-speed Uniblitz shutters (approximately 2 ms random error). Onset of events was controlled by computer signals sent to the shutters rather than to the projectors. To ensure that the projectors were ready to display the particular slides chosen for a given trial, projectors were displaying their images prior to the shutters opening. Responses were made using a response box with less than 1 ms random error.
Procedure. Participants were run in individual testing sessions. When the participants arrived at the laboratory, we explained the general procedures of the study, obtained informed consent, and turned off the lights. A 10-minute dark adaptation period ensued, during which time participants engaged in several computer tasks unrelated to the study. Following this dark adaptation period, participants were told that the remaining task consisted of two parts. First, they would see slides, which they should pay attention to in preparation for a subsequent memory test. Note that we did not ask participants to evaluate the valence or significance of slides; therefore, priming effects can be viewed as automatic in this respect. Second, participants were instructed to respond as quickly and accurately as possible to indicate whether one or two dots were presented. Participants were reminded to focus their attention toward the center of the screen to ensure maximum performance.
Participants sat in a standard chair, equipped with a small desk to which a button box was affixed. The chair was placed 3 feet in front of a large (5 foot × 5 foot) projection screen. Emotional images, which were approximately 3 feet × 3 feet, were projected onto the center of the screen. Subsequent to the presentation of an emotional slide, the computer triggered a central fixation from a laser pen to ensure that attention was centered prior to the presentation of the lateral spatial targets.
A different random order of emotional slides was chosen for each participant. Dot slides were also randomly paired with emotional slides, again separately for each participant. There were 60 trials, one for each of the emotional slides used in the study. Trials consisted of the following sequence. First, an emotional slide was shown for 3 seconds. Second, there was a 500 ms delay during which no events occurred. Third, a laser pen presented a central fixation point for 200 ms. Fourth, there was an 800 ms delay during which no events occurred. Fifth, one or two dots were presented left or right of fixation, with lateral position determined at random. Dots were presented for only 100 ms, which should effectively preclude eye movements in the direction of the dot stimuli (Pashler, 1998) . The program then waited for the response, followed by a 5-second delay until the next trial.
RESULTS
Preliminary Analyses. The accuracy of dot discrimination responses was high (M = 96.8%). A Valence × Arousal × Visual Field repeated measures ANOVA on these accuracy rates found one significant effect: Dot discriminations were more accurate following positive slides (M = 97.8%) than following negative slides (M = 95.9%), F(1, 37) = 4.52, p = .040. This effect may be consistent with research showing that negative stimuli are more distracting, and therefore cause more interference with the primary task, relative to positive stimuli (Pratto & John, 1991) . None of the other effects were significant, ps > .10.
Prior to analyzing response latencies, we deleted inaccurate trials and then log-transformed times to normalize their distribution. To reduce the impact of outliers, we replaced log latencies 2.5 standard deviations below or above the overall mean with these cutoff values. Consequently, 2.3% of the latencies were re-placed. Although analyses focused on log-latency scores, means are reported in milliseconds for ease of interpretation.
We used computerized algorithms to assign valence, arousal, and visual field to individual trials. The use of such algorithms is desirable to avoid any systematic assignment tendencies within cognitive paradigms (Robinson & Neighbors, in press ). However, randomization algorithms can be problematic in the context of a large within-subject design in combination with a relatively small number of trials. Accordingly, we observed that Study 1 did not have sufficient power to simultaneously examine all main effects and interactions involving valence, arousal, and visual field. Specifically, cell sizes for the full Valence × Arousal × Visual Field design were low among some participants (range 1-11; mean5
.6). By contrast, analyses pertaining to the Valence × Visual Field and Arousal × Visual Field interactions had far more adequate cell sizes (range 5-19; mean~11.2). A preliminary analysis revealed that there was no hint of a three-way interaction, F < 1. We therefore sought to add power to our subsequent analyses by examining valence and arousal separately. This statistical power issue is rectified in Study 2 and in a combined analysis following Study 2. Primary Analyses. The first analysis sought to determine whether the affective valence of slides primed lateral spatial attention. To examine this question, we performed a Valence × Visual Field ANOVA on the latency data. There was a main effect for Valence, F(1, 37) = 11.56, p = .002. Responses following positive slides were faster (M = 486 ms) than responses following negative slides (M = 527 ms), a phenomenon that previous research has linked to the "freezing" effect of negative affective primes (Wilkowski & Robinson, in press ). The main effect for Visual Field was not significant, F < 1. The Valence × Visual Field interaction was also not significant, F(1, 37) = 2.19, p = .147. Thus, there was no indication that the affective valence of stimuli differentially activated the two cerebral hemispheres.
In a second analysis, we sought to determine whether the arousal level of slides primed lateral spatial attention. To examine this question, we performed an Arousal × Visual Field ANOVA on the latency data. Neither the main effect for Arousal, F(1, 37) = 2.07, p = .158, nor the main effect for Visual Field, F < 1, was signifi-cant. However, consistent with the idea that arousing stimuli differentially activate the right hemisphere, there was an Arousal × Visual Field interaction, F(1, 37) = 4.22, p < .05. The means for this interaction are displayed in Figure 1 . As shown there, low-arousal slides led to faster performance for right visual field targets. By contrast, high-arousal slides led to faster performance for left visual field targets. The interaction is consistent with the hypothesis that high-arousal states, regardless of whether they are positive or negative, activate the right hemisphere, thereby speeding performance within leftward regions of space.
DISCUSSION
Study 1 examined whether emotional valence or arousal played a larger role in biasing spatial attention. Although emotional valence had a main effect on discrimination latencies, there was no Valence × Visual Field interaction, indicating that valence did not modulate perceptual asymmetry. In contrast, the significant Arousal × Visual Field interaction indicated that the arousal level of the slides modulated perceptual asymmetry. Specifically, high-arousal slides were associated with a greater LVF advantage than were low-arousal slides. The latter interaction is consistent with the idea that transient emotional arousal activates the right parietal lobe, in turn biasing attention leftward. The findings are particularly noteworthy because we were able to manipulate arousal independently of valence. The findings therefore suggest that both positive and negative emotional states activate the right hemisphere, provided that they are high in arousal. Before drawing further implications from these findings, we sought to replicate the Arousal × Visual Field interaction in a second study.
STUDY 2
Although results of Study 1 appear to support Heller's (1993) hypothesis regarding arousal and asymmetry, interpretations of these results are constrained by limitations in the procedure of Study 1. First, because each of the 60 slides was shown only once, there were relatively few observations within each cell of the full Valence × Arousal × Visual Field design. This problem was compounded by the fact that we had an additional within-subject manipulation that further reduced the number of usable trials (see footnote 2). As a consequence of these procedural aspects, we were compelled to analyze the data according to valence and arousal separately. Therefore, while the results indicate that arousal modulated perceptual asymmetry, we lacked the statistical power to adequately test whether this effect of arousal was equivalent for positive and negative slides. These procedural issues were rectified in Study 2. In this second study, we presented slides twice rather than once, resulting in 120 potential trials (depending on accuracy rates). As a result of changes in procedures, we had more observations within each cell of the design and could therefore better assess the potential independent or interactive effects of valence and arousal on lateral attention.
METHOD
Participants. Participants were 16 (6 male and 10 female) right-handed undergraduate volunteers from the University of Illinois, Champaign. They received course credit for their participation.
Apparatus, Stimuli, and Task. The apparatus and stimuli were identical to Study 1. In Study 2 we showed each slide twice, resulting in 120 trials. The trial event sequence was the same as in Study 1. However, slide presentation was decreased from 3 s (Study 1) to 2 s (Study 2) because participants in Study 1 seemed to have more than enough time to process these slides. Therefore, we thought it likely that a shorter presentation time would result in similar findings.
Procedure. Task instructions were the same as in Study 1. Slides were shown in a unique random sequence for each participant. After the first repetition of all 60 slides, there was a second repetition involving a different random sequence. Dot stimuli (One versus two dots crossed with left versus right visual field) were randomly paired with emotional slides.
Results. As in Study 1, accuracy rates were very high (overall M = 98.9%) and did not vary by the affect or visual field variables, either alone or in their interaction, ps > .05. Note that the valence effect on accuracy rates observed in Study 1 was not observed in Study 2. This is likely because of a ceiling effect: Accuracy in Study 2 (98.9%) was quite a bit higher than accuracy in Study 1 (96.8%). We next turned to the reaction time analyses. The procedures for handling the latency data were identical to those in Study 1. That is, inaccurate responses were deleted, times were log-transformed, and outliers (± 2.5 SDs) were replaced. A Valence × Arousal × Visual Field repeated measures ANOVA was performed on these log-transformed latencies.
Prior to reporting the analyses of most interest, we note that there was a main effect for Arousal, F(1, 15) = 10.58, p = .005, such that responses following high-arousal slides (M = 510 ms) were slower than responses following low-arousal slides (M = 488 ms). This is likely because high-arousal slides captured and held a greater deal of attention than did low-arousal slides. Main effects for Valence, F(1, 15) = 2.33, p = .148, and Visual Field, F < 1, were not significant. Also there was no Valence × Arousal interaction, F (1, 15) = 2.70, p = .121.
More important are the interactions of Visual Field with Valence and Arousal. As in Study 1, the Valence × Visual Field inter-action was not significant, F < 1. Thus, affective valence did not appear to prime the hemispheres differentially. By contrast, the Arousal × Visual Field interaction was significant, F(1, 15) = 8.08, p = .012. As shown in Figure 2 , low-arousal slides resulted in better performance in the RVF compared to the LVF. By contrast, high-arousal slides resulted in better performance in the LVF compared to the RVF. In sum, arousal, but not valence, had an effect on lateral spatial attention.
Finally, the Valence × Arousal × Visual Field interaction was marginal, F(1, 15) = 3.54, p = .080. Means for this marginal interaction indicated that the effects of arousal on asymmetry were the same for positive and negative slides but that the pattern was more pronounced for negative slides (RVF advantage = 40 ms, 1 ms, -28 ms, & -12 ms for negative low-arousal, positive low-arousal, negative high-arousal, and positive high-arousal slides, respectively).
DISCUSSION
Supporting the conclusions of Study 1, Study 2 found that arousal, but not valence, was associated with perceptual asymmetry. The Valence × Arousal × Visual Field interaction did not approach significance in Study 1, but the lack of a three-way interaction could have been hampered to some extent by the power considerations in that study. Study 2, which rectified these power concerns, found a marginal Valence × Arousal × Visual Field interaction, suggesting that it is particularly arousing slides of the negative variety that activate the right hemisphere. However, this marginal interaction may not be reliable given the lack of replication in Study 1. We therefore sought to clarify the picture in an analysis that combined data from Studies 1 and 2.
COMBINED ANALYSIS
Although data for the combined analysis came from Studies 1 and 2, the manner in which we conducted this analysis was different. Whereas participants (e.g., n = 38 in Study 1) were the unit of analysis in Studies 1 and 2, slides (i.e., n = 60) were the unit of analysis for the combined analysis. It is helpful to think of these analyses in terms of the priming effects of particular stimuli or situations. This new data set allowed us to examine valence and arousal as continuous rather than dichotomous factors and to examine possible differences between the studies.
METHOD
Each slide had a valence norm and an arousal norm, which we took from Lang et al. (1999) . From the present data, we computed accuracy and speed means for the following cells of the design: LVF Study 1, RVF Study 1, LVF Study 2, and RVF Study 2. These means were computed by averaging across all participants who received that particular combination of study, slide, and visual field (provided that the response was accurate). For example, if a participant in Study 1 performed an LVF target trial following slide 1111, then his or her response was averaged with the responses of other participants in Study 1 also receiving an LVF target following a 1111 prime. Prior to analyses, the continuous valence and arousal ratings (taken from the Lang et al., 1999, norms) were z scored. Then, an interaction term was computed by multiplying valence and arousal z scores, as is useful in regression-based approaches (Aiken & West, 1991) . Because valence and arousal and their interaction were based on continuous rather than dichotomous independent variables, we used the General Linear Model (GLM) procedures of Statistical Analysis System (SAS), which allowed for continuous independent variables along with multiple within-slide variables. The full design consisted of two within-slide variables-Visual Field and Study, each with 2 levels-in combination with the between-slide factors of Valence and Arousal. All main effects and interactions among the four variables were simultaneously tested. As in Studies 1 and 2, analyses were performed on log-transformed times, whereas means are reported in terms of milliseconds. Unless otherwise noted, Valence and Arousal effects involved using regression equations to estimate Reaction Time (RT) means for slides low (-1 SD) or high (+1 SD) in valence or arousal (Aiken & West, 1991) .
RESULTS
Accuracy. Our analysis of accuracy rates was mainly done to rule out possible tradeoffs between speed and accuracy. Accuracy rates were examined in a Valence × Arousal × Study × Visual Field GLM model. Valence and arousal were between-slide factors, whereas study and visual field were within-slide factors. There was only one significant effect, which pertained to Study (Accuracy Ms = 96.8% & 99.0% in Studies 1 & 2, respectively), F(1, 56) = 15.12, p = .000. Possibly this effect was due to the higher number of trials in Study 2 relative to Study 1, translating into more practice with the task. Other effects were not significant, ps > .05.
Reaction Time. Reaction times were also examined in a Valence × Arousal × Study × Visual Field GLM model. We were particularly interested in effects involving visual field, but we also report other effects for the sake of completeness. Main effects for Valence, F(1, 56) = 2.55, p = .116, and Study, F < 1, were not significant. However, there was a marginal main effect for slide Arousal, F(1, 56) = 3.73, p = .059, such that responses were faster following low-arousal slides (M = 491 ms), relative to high-arousal slides (M = 512 ms), slides. All other effects involving Study were not significant, ps > .05. This indicates that the findings were similar across studies.
We were particularly interested in the remaining interactions, which involved potential prime-induced laterality effects. There was no hint of a Valence × Visual Field interaction, F < 1. This suggests that lateral spatial attention cannot be taken as an indication of one's valenced reaction to a stimulus. By contrast, there was an Arousal × Visual Field interaction, F(1, 56) = 10.93, p = .002. Estimated means for this interaction are shown in Figure 3 . As shown there, the interaction conceptually replicates those reported in Studies 1 and 2, this time in the context of slide as the unit of analysis.
Finally, the Valence × Arousal × Visual Field interaction was marginally significant, F(1, 56) = 2.97, p = .091. As in Study 2, the lateral effects of arousal were a bit stronger among negative slides (LVF minus RVF difference scores = +35 ms and -16 ms for low-arousal and high-arousal slides, respectively) relative to pos- itive slides (LVF minus RVF difference scores = +14 ms & -3 ms for low-arousal and high-arousal slides, respectively). In both cases, however, RVF reaction times were faster following low-arousal slides and LVF reaction times were faster following high-arousal slides.
We sought to follow up on the distinct laterality patterns for low-arousal and high-arousal slides. To examine such distinct patterns, we dichotomized the slides into low (N = 30) and high (N = 30) arousal categories. We then performed two ANOVAs, one for low-arousal slides and one for high-arousal slides. Within each ANOVA, both Visual Field and Study were two-level within-slide repeated measures. Neither analysis resulted in an interaction between Visual Field and Study, Fs < 1, which indicates that data can be combined across studies. By contrast, both analyses resulted in a main effect for Visual Field, though in opposite directions. Specific to low-arousal slides, there was a main effect for Visual Field (LVF minus RVF = +20 ms), F(1, 29) = 10.62, p = .003, such that performance was faster in the RVF relative to the LVF. Specific to high-arousal slides, there was also a main effect for Visual Field (LVF minus RVF = -14 ms), F(1, 29) = 5.28, p = .029. However, in the latter case, performance was faster in the LVF relative to the RVF. These analyses highlight the crossover nature of the Arousal × Visual Field interaction.
DISCUSSION
Even with the added power of the combined analysis, there was no support for the idea that stimulus valence has a differential effect on the two hemispheres. Thus, the valence hypothesis appears to be incorrect with respect to priming effects on spatial attention. In contrast, the combined analysis conceptually replicated Studies 1 and 2 with respect to stimulus arousal effects on lateral spatial attention. With the added power of the combined analysis, we were able to show that spatial performance was faster to the RVF following low-arousal slides, but faster to the LVF following high-arousal slides. It appears, then, that lateral spatial attention is a sensitive indicator of the brain's reaction to stimuli varying in arousal. As in Study 2, a marginal interaction revealed that this was particularly true for negatively valenced slides. We are reluctant to make much of the latter pattern however, because it was never associated with a significant three-way interaction in any of our analyses.
GENERAL DISCUSSION
Because prior studies have not manipulated the valence and arousal levels of stimuli independently, there is considerable confusion concerning whether stimulus valence or arousal plays the stronger role in priming lateral spatial attention. We used an incidental exposure paradigm, common to studies of automatic affect, along with a spatial attention task that should be sensitive to differential hemispheric priming effects (Posner et al., 1987) . Consistent with the idea that stimulus arousal plays the major role in relative hemispheric activation, we found that slide arousal, but not slide valence, shifted spatial attention and did so in a direction consistent with theories emphasizing a close connection between momentary arousal and a relatively greater dominance for right-hemisphere functions (e.g., Heller, 1993) . These results have several implications for research on hemispheric literalities and the automaticity of affect, as described in the following sections.
EMOTIONAL AROUSAL, SPATIAL ATTENTION, AND THE RIGHT HEMISPHERE
The right hemisphere is more closely involved with the arousal systems of the body (Johnsen & Hugdahl, 1993; Wittling, 1995) . In this connection, it makes sense that transient increases in emotional arousal would systematically activate the right hemisphere, thereby facilitating connections with the body's arousal systems and the potential for rapid action in circumstances that might warrant it. In addition, the right parietal lobe exerts more control over orienting, shifting, and disengaging attention based on spatial location (Posner, 1994) . It is surely no coincidence that the right parietal lobe plays such an important role in both emotional arousal and spatial attention. As stressed by other research-ers (e.g., Heller, 1993) , it may be precisely in emotionally arousing circumstances that vigilance for new information within the environment is paramount.
Because we used a perceptual asymmetry task in these studies, our results are most germane to theories that involve the parietal lobes, which play a major role in orienting and shifting to targets within the contralateral visual field (Posner, 1994) . The valence of emotional states may well influence anterior asymmetries, but our task would not likely be sensitive to such shifts in frontal functioning (see Gray, 2001 ). This said, however, several prior studies have suggested a link between emotional valence and lateral attention. For example, Van Strien and Morpurgo (1992) found that negative words improved performance with respect to targets in the LVF, whereas positive words improved performance with respect to targets in the RVF. The Van Strien and Morpurgo (1992) study can be reconciled with the present findings if one assumes that the negative words used by Van Strien and Morpurgo were more arousing than the positive words that they used. This seems plausible, as negative stimuli are often more arousing than positive stimuli. For example, it is difficult to find stimuli that are both very negative and low in arousal (Lang et al., 1997) . By contrast, it is far easier to find very positive stimuli that are low in arousal. This is true regardless of whether emotional stimuli consist of pictures, words, or sounds (Lang et al., 1997) . Disentangling valence and arousal is not always easy, but the present findings demonstrate the benefits of doing so.
Activation of the right parietal lobe has the curious effect of shifting attention leftward within the visual field, as indicated by the current findings. Therefore, it may be that, in both threatening and exciting circumstances, target detection and spatial behavior become biased leftward. These ideas are somewhat reminiscent of the results of Bisazza, Pignatti, and Vallortigara (1997) , who found that male mosquitofish had a reliable tendency to turn left when pursuing females or avoiding predators. The explanation for these results is that arousing stimuli differentially activate the right hemispheres of these fish, in turn causing attention and behavior to be biased leftward. It appears that our human participants may act similarly under high-arousal circumstances.
AUTOMATIC AFFECT
In a narrow sense, research on automatic affect is concerned with the minimal conditions associated with automatically primed evaluations (Bargh, 1997; . The goals of such research are often broader, however. One substantial line of research has sought to document the consequences of incidental exposure to affective primes, for example, on brain activity (e.g., Whalen, 1998) , judgments (e.g., Murphy & Zajonc, 1993) , and behavior (e.g., Chen & Bargh, 1999) . From the perspective of the latter research, automatic affect has important consequences for emotion, decision making, and behavior (Bargh, 1997; Fazio, 1995) . A second line of research has sought to use automatic affect paradigms to circumvent problems related to awareness and social desirability, which may sometimes limit the usefulness of self-report measures (Fazio, Jackson, Dunton, & Williams, 1995; Greenwald & Farnham, 2000) .
The present research has implications related to both the narrow and broader uses of research on automatic affect. With respect to the automaticity of affect, we used incidental priming procedures, albeit in the context of long (2-3 sec) exposure times. Such procedural variations aside, the present results suggest that it may be fruitful to examine automatic priming effects pertaining to stimulus arousal as well as stimulus valence. Stimulus arousal is thought to play a major role in orienting, vigilance, and bodily arousal (Lang et al., 1997; Öhman, 1997) , operations often associated with the automaticity of affect (Robinson, 1998; Robinson, Storbeck, Meier, & Kirkeby, 2004) . Therefore, the present results may be useful in stimulating future attention to stimulus arousal in studies of automatic affect.
With respect to the consequences of automatic affect, we have provided support for a novel set of consequences related to differential hemispheric activation. The two hemispheres are specialized in a number of ways. The left hemisphere is more closely associated with language and sequential thought, whereas the right hemisphere is more closely associated with spatial representations and parallel forms of processing (Hellige, 1993) . The right hemisphere is also more closely linked to the arousal systems of the body (Heller, 1993; Johnsen & Hugdahl, 1993; Wittling, 1995) . Therefore, the differential activation of one hemisphere over the other is likely to have profound consequences for cognition, emotion, and behavior. In particular, stimuli that prime the right hemisphere are likely to induce more arousal, vigilance, and defensive motivation (Heller et al., 1995) . We suggest, then, that the lateral spatial probe may prove useful in future studies of the consequences of automatic affect.
Indeed, a lateral spatial probe test is likely to have quite a few uses in studies of social cognition. For example, implicit prejudice is often described as "aversive" in nature (Dovidio & Gaertner, 2000) . Existing paradigms, related to the affective priming task (Wittenbrink, Judd, & Park, 2001) or the implicit association test (Greenwald, McGhee, & Schwartz, 1998) , are designed to tap valenced reactions to Black stimuli, but not arousal-based reactions. For this reason, a lateral spatial probe task might be of use in distinguishing aversive racists from those who have milder reactions to cross-racial stimuli. We tentatively predict that individuals showing a more leftward spatial bias following Black stimuli might exhibit more avoidance of cross-racial interactions (Dovidio & Gaertner, 2000) as well as a greater tendency to automatically assume that Black individuals are dangerous (Payne, 2001) .
Broadening the scope somewhat, a good number of social theories, such as those related to cognitive dissonance (Festinger, 1957) , stereotype threat (Steele, 1997) , and interpersonal attraction (Dutton & Aron, 1974) , invoke situational arousal as a primary explanatory variable. Moreover, arousal is thought to produce more extreme interpersonal evaluations (Paulhus & Lim, 1994) , more aggression (Anderson & Bushman, 2002) , and a greater tendency toward a dominant response in social situations (Zajonc, 1965) . With reference to all of these areas of social psychology research, it might be of value to have an arousal probe sensitive to central rather than peripheral levels of emotional arousal. This is particularly true because different measures of peripheral arousal are only weakly correlated with each other (Cacioppo, Klein, Berntson, & Hatfield, 1993) , whereas this may be less true of central measures of arousal (LeDoux, 1994) . Our spatial probe test is noninvasive and implicit in nature and therefore of potential relevance in behavioral studies of social cognition.
CONCLUSIONS
The present research sought to examine the potential priming effects of valence and arousal on the lateral functioning of the brain. Incidental exposure to emotionally arousing slides shifted attention leftward within visual space. By contrast, affective valence had no direct effects on the lateral functioning of the brain. The results, in total, highlight the importance of stimulus arousal and hemispheric laterality in studies of automatic affect.
